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In accepting the invitation of tlie Coimcll 
of the British AsBOciation to deliver an ad- 
- drees to the operative classes of this great 
industrial district, X felt that I was under- 
taking no easy task. Having to epeak on 
behalf of the Aeaociatio.n, and in the pres- 
enoe of many of its most distinguished 
members, I am bound to treat my subject 
ecientifically ; but 1 have to bear in mind at 
the aame time that I am addressing myself 
to men unquestionably of good intelligence, 
but without that scientific training whioh 
has almost created a language of its own. 

It is no consolation for tne to think that 
those who have taken a similar task upoa 
themselves in former years, have admirably 
Buooeoded in divesting highly scientifio sub- 
jects of the formalism in whioh they u« 



habitually clothed. The very 
these men — Tyndall, Huxley, Miller, Lub- 
bock, and Sjwttiswoode — are such as to 
preclude in me all idea of rivalry, but I 
hope to profit by their example, and to re- 
member that truth muat always be simple, 
and that it is only where knowledge is im- 
perfect that scientific foniiulte miiat take the 
place of plain atatements. 

The subject matter of my discourse ia 
" Fuel ; " a matter with which every one of 
us has become familiarized from his in- 
fancy, but which nevertheless is but little 
understood even by those who are most 
largely interested in its applications ; it in- 
Tolves considerations of the highest d, priori 
interest, both froai a scientific and a practi- 
cal point of view. 

I purpose to arrange my subject under 
five pricipal heads : — 

1. What ia fuel ? 

'1. "Whence is fuel derived ? 

3. How should fuel be used ? 

4. The coal question of the day ? 
I. Wherein consists the fuel of the sun ? 
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Someof you may have atre&dy said within 
youraelvea that it ia but wasted time to en- 
large upon fluch a theme, since all know 
that fuel ia coal drawn from the eeirth, from. 
deposits, with which this country especially 
has been bountifully supplied ; why disturb 
our plain understandiiig by scientific defini- 
tions which will neither reduce the coat of 
coal, nor make it last longer on our domea- 
tio hearth ? 

Yet I must claim your patience for a 
little, lest, if we do not first agree upon the 
essential nature of fuel, we may afterwards 
be at variance in discussing its origin and 
its uses, the latter at any rate being of 
practical interest, and a subject worthy of 
j-our most attentive consideration. 

Fuel, then, in the ordinary acceptation 
of the term, ia carbonaceous nmtter, which 
may be in the solid, the liquid, or in the 
gaseous condition, and which, in combining 
with oxygen, gives rise to the phenomenon 
of heat. Commonly speaking, this devolop- 
ment of heat is accompanied by fiame, be- 
cause the substance produced io com.bu&^c»^ 
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ia gosenus. In hurning coal, fur ipntniHW,, 
nn a fire-j^alH, the oxygen of.the atmos- 
phere ent«ra into combination with Ha 
solid carbon of the coal and produoes oar- 
bonic acid, a gas which entnra the atmos- 
phere, of which it fotina a neoessary con- 
Etiluent, since without it, tlie grovth of 
trees and other plants would be impossible. 
But combustion is not neceasarily aocom* 
panied by flame, or even by a display of 
intense heat. The metal niagnesium bonu 
with a great disjilay of light and heat^ but 
without flame, because the product of ooin< 
bustion is not a gas but a solid, viz., ozids 
of magnesium. Again, metallic iron, if 
a finely divided state, ignites when expose^ 
to the atmosphere, giving rise to thi 
phenomena of best and light without Same, 
because the result of combustion is iron 
oxide or rust ; but the same iron, if pre- 
sented to the atmosphere — more especially 
to a damp atmosphere — in.a solid condition, 
does not ignite, but is nevertheless gradually 
converted into metallic oxide or rust aa 
before. 

Here, then, we have combination without 



the phenomena either of flame or light; 
but by cnreful experiment we aliould find 
that heat ia nevertheleas produced, and 
that the amount of heat bo produced pre- 
cisely equals that obtained more rapidly ia 
exposing pulverulent iron to the action of 
oxygen. Only, in the latter case the heat 
is developed by slow degrees, and is dis- 
persed as soon as produced, whereas in the 
former t)ie rate of production exceeds the 
rate of dispersion, and heat, therefore, ac- 
cumulates to the extent of raising the mass 
to redness. It ia evident from these ex- 
periments that we have to widen our con- 
ception, and call fuel " any substance which 
is capable of entering into combination 
with another substance, and in so doing 
gives rise to the phenomenon of heat." 

In thus defining fuel, it might appear at 
first sight that we should find upon our 
earth a great variety, and an ine\bauBtib!e 
supply of substances that might be ranged 
under this head ; but a closer investigation 
will soon reveal the fact, that its supply ia, 
comparatively speaking, extremely limited. 

In looking at the solid crust of the earth. 



i it to be composed for the most part 
of siliceous, calcareous, and mogueceoui 
rock ; the former, eilico, coasisting of the 
metal ailicon combined with osygen, is not 
fuel, but rather a burnt substance which 
hae parted with iU boat of combustion o/^a 
ago ; the second, limestone, being carbonftte 
of lime, or the combination of two sub- 
stances, viz., calcic oxide and carbonic acid, 
both of which are essentially ]>roducta of 
combustion, the one of the metal caloiam, 
and the other of carbon; and the 
third, magnesia, a combination of osjgen 
with the metal magnesium (which I hav0 
just burnt before you], and which, fuithei 
combined with lime, constitutes dolomite 
rock, of which the Alps ure maiuty compos- 
ed. All the commoner metals, such as iron, 
zinc, tin, aluminium, sodium, etc., we find 
in iia,ture in an oxidized or burut condition ; 
and the only metallic substances that have 
resisted the intense oxidizing action that 
must have prevailed at one period of the 
earth's creation are the so-called precious 
metaU, gold, platinum, iridium, and to 
some extent also silver and copper. Ex- 




cepting these, coal alone presents itself as 
carbon, and hydrogen in an uno:ftdized con- 
dition. But what about the oceans of water, 
■which have occasionally been cited as re- 
presenting a Taat store of heat- producing 
power ready for our ii^e when coal shall be 
exhausted. Not many months ago, indeed, 
on the occasion of a water gas company 
being formed, statement^) to this effect 
could be seen in some of our leading papers. 
Nothing, however, could be more fallacious. 
When hydrogen burns, doubtless a great 
development of heat ensues, but water is 
already the result of this combustion (which 
took place upon our globe before the ocean 
was formed), and the separation of these 
two substances would take precisely tho 
Bame amount of iieu-t aa was originally 
produced in their combustion. It will thus 
be seen that both the solid and fluid con- 
stituents of our earth, with the exception of 
coal, of naphtha (which is a mere modifica- 
tion of coal), and the precious metals, are 
products of combustion, and therefore tho 
very reverse of fuel. Our earth may indeed 
e looked upon as " a ball of cinder, rolling 



10 



iflingly through space," but Iiap{u1j 
company with another celestial bodyH 
6UI1, — whose glorious beania are the pl^ 
cal cause of everything that moves . 
lives, or that hag the [lower within its^ 
impartiu); life', ormotion on our earth. ^ 
invigorating influence is made percept 
to our senses in the form of heat, but I 
fair to ask, what is heat, that it should 
capable of coming to us front the eun,, 
of being treasured up iu our fuel depc 
both below and on the surface of 
earth ? 

If this iuquiry had been put to au 
years ago, I should have been much ] 
plexed. By reference to books on Phyd 
Science, I should have learnt that heat li 
a subtle fluid which, somehow or other, U 
taken up its residence in the fuel, af 
which, upon ignition of the latter, njj 
eallying forth either to vanish or to alnj 
elsewhere ; but I should not have been M 
to associate the two ideas of combustion an 
development of heat by any intelligibJ 
principle in nature, or to suggest any pn 
eesB by which it could have been derin 
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from the Bun and petrified, Ar, as the empty 
' phrase rao, rendered latent in the fuel. 
■ It ia by the labors of Mayer, Joule, and 

"" other modern pbysiciBts, that we are ena- 
' bled to give to heat its true eignificance. 
" Heat, according to the " dynamical 

■" theory," ia neither more nor less than 
'I' motion amongst the particles of the eub- 
" stance heated, which motion, when once 
'' produced, may be changed in its direction 
"' Mid its nature, and thus be converted into 
iK mechanical effect, expressible in foot pounds, 
^ or horse power. By intensifying this mo- 
tion among the particlea, it ia made evident 
* to our visual organ by the emanation of 
■*■■ light, which again is neither more nor lesa 
■<* than vibratory motion imparted by the 
*• ignited substance to the m.edium separating 
ti»* OH from the same. According to this theory, 
SUM which constitutes one of the most important 
'W'a advances in science of the present century, 
bid. heat, light, electricity, and cbemica! action 
aW are only diiferent manifestations of " energy 
L &ii'of. matter," miituaily convertible, but as 
.giblMetstructible us matter itself. 
J P'^MEnei^ exists in two forms, "dynamic" 
eilT<K| 



IS ' 

or " kinatic energy," or force manifeatinj 
itaelf to our seiLses as weight ia motion, U 
sensible heat, or na an active electrioal ouf- 
rent; and "potential energy," or force in A 
dormant condition. In illustration of theas 
two forms of energy, I will take the case ol 
lifting a weiglit, say one pound one fixj 
high. In lifting this weight kinatie, mini 
cular energy has to be oserciaed in ovop 
coming the force of gravitation of the earth 
The pound weight when supported at tlit 
higher level to which it has been raised, 
represents "potential energy" to theamouaj 
of one unit or " foot pound." This potential 
energy may be utilized, in imparting motioi 
to mechanism, during its descent, whereby 
a unit amount of " Work " is accomplished. 
A pound of carbon then, when raised 
through the space of one foot from th* 
earth, represents, mechanically speaking, a | 
unit quantity of energy, hut the same < 
pound of carbon when separated or, so to ; 
speak, lifted away from oxygen, to which it 
has a very powerful attraction, is capable 
of developing no less than 11,000,000 foot 
pounds or unit quantities of energy when- 
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ever tha bar to their combination, namely, 
6scesaive depression of temperature, ia 
rem.oTed ; in other words, the mechanical 
energy set free in the combustion of 1 lb. 
of pure carbon is the same as would be 
required to raise 11,000,000 * lbs. weight 1 
ft. high, or as would sustaia the work 
■which we call a horse power during 5 hours 
33 min. We thus arrive at once at the 
utmost limit of work which wo can ever 
hope to acooniplish by the combustion of 1 
lb. of carbonaceous matter, and we shall 
presently see how far we are still removed 
in our practice from this Iim.it of perfection. 
The following illustratious will show the 
convertibility of the different forms of 
energy. If I let the weight of a hammer 
n rapid succession upon a piece of 
1 it becomes hot, and o 



. of wLldr nised through 1 deg. F&h. } an Hliflntfld. 

<rve or m«chiLB{cal eD4r^ ^ henn 1 lb. of cuboa 
ntBj l4,SOOXTTt^lt,2U,000 nnlM of potantUl 



thuB vigorousty nnd sltilfully for a minnts 
it will be red-hot. In this caee the meohanioal 
force developed in the arm (by the expendi- 
ture of muscular £bre) is conveTted into 
heat Again, in rapidly compresstnp the 
air in a fire eyrin^e, ignidoD of a piecA of 
tindor is obtained. Again, in poasing an 
electrical current through the platinum 
wire it is directly converted into heat, ■ 
' which is manifeated by ignition of th^ 
wire, whereaa the thermopile gives an 
illufltration of the conversion of Itent into 
electrici^ ; to which illustrations many 
others might be added. The heat of com- 
bustion being the result of the chemical 
combination of two substances, does it not 
follow that oxygen is a combustible as vtim 
as the carbonaceous substance which goes 
by the name of fuel ? This is, unquestionJ 
ably, the case, and if our atmosphere wan 
composed of a carbonaceous gas, we shouldj 
have lo conduct our oxygen through tube*) 
and send it out through burners to supply ui' 
with light and heat, as will be Been by the 
experiment in which I bum a jet of atmoi- 
pheric air in a transparent globe filled witk 
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L lighting gas ; but we could not 
exist under auch inverted conditions, and 
may aafely strike out oxygen and analo- 
goua aubstances, such as chlorine, from the 
list of fuels. 

We now approach the aecond part of our 
inquiry — 

The rays of the sun represent energy in 
the form of heat and light, which is com- 
municated to our earth through the trans- 
parent medium which must necessarily fill 
the space between us and our great lumi- 
nary. If these raya fall upon the growing 
plant, their etTeet disappears from direct 
recognition by our senses, inaamuch as the 
leaf does not become heated as it would if 
it were made of irou or dead wood, but wo 
find a chemical result accomplished, viz., 
•arbonic acid gae, which has been absorbed 
by the leaf of the tree from the atmosphere, 
is there " dissociated," or separated into its 
i, carbon and oxygen, the oxygen 
being returned to the atmosphere, and the 

irbon retained to form the solid substanct* 

{the tree. 
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The sun thus imparts 11,000,000 unitarf* 
energy to tlia tree for the formation of 1 lb.' 
of carbon in the shape of woody fibre, and't 
these 11,000,000 units of energy will bfl' 
eimply resuscitated when the wood is burnV 
or Rguia combined with oi^ygen to fona' 
carbonio acid. 

Fuel, then, is do rived tli rough aola^ 
energy acting on the sui'face of our earth. 

But what about the stores of minert 
fuel, of coal, which we find within its foldsP 
How did they escape the general coml 
tion which, as we have seen, has OQueumoft 
all other elementary eubstancea ? The an* 
ewer is a simple one. These deposits of^ 
mineral fuel are the results of primeval for- 
ests, formed in the manner of to-day, through 
the agency of solar rays, and covered oyer 
with earthy matter in the many inunda- 
tioQB and convulaions of the globe's surface, 
which must have followed the early eolidifi- 
cation of its surface. Thusour deposits of coal 
may be looked upon aa the accumulation of 
potential energy derived directly Irom tha 
sun in farmer ages, or as George Stephenson, 
with a sagacity of mind in advance of the 
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science of his day, answered, wlion askad 
what was the ultimate cause of motion of 
his locomotive engine, " that it went by tlia 
bottled-uii rays of the sun." 

It follows from these con si deration a that 
the amount of potential energy available 
for our use is confined to our dejioaita of 
coal, which, as appears from the exhaust- 
ive inquiries lately made by the Hoyal Goal 
Commisaion, are still large indeed, but by no 
means inexhaustible, if we bear in mind 
that our requirements will be ever on the 
ind that the getting of coal will 
e from year to year more ditRoult as 
we descend to greater depth. To these 
stores must be reckoned lignite and peat, 
■which, although not coal, are nevertheless 
the result of solar energy, attributable to a. 
period of the earth's creation subsequent to 
the formation of the coal beds, but anterior 
to our own days. These fuels may be 
made as efficient as coal if properly treated. 

In discussing the necessity of using our 
stores of fuel more economically, I have 
a met by the observation that we need 

■t bo anxious about leaving fuel for our 
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descenilante — that the human mind woold 
surely invent some other source of power 
when coal should he eshausted, and that 
euob a aource would probably be discovered 
in electricity. I heard such a suggestion 
pubUoly made only a few weeks back at a 
meeting of the International Jury at Vienna, 
and could not retrain from calling attention 
to the fact that electricity is only another 
form of enei^y, that could no more be 
created by man tban heat could, and in- 
volved the same recourse to our accumulated 
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If our stores of coal were to ebb, we 
should have recourse, no doubt, to the force 
radiating from the sun from year to year, 
and from day to day ; and it may be as well 
for U8 to consider what ia the extent of that 
force, and what are our meant 
and applying it. We have, then, 
first place the accumulation of solar energy 
upon our earth's surface by the decompoj 
tion of carbonic acid in plants, a source 
which we know by experience s 
the human requirements in thinly populated 
countries, wliere industry has taken only a 
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elight development. Wherever population 
accumulates, however, the wood of the 
foroBt no longer suffices even for domeatio 
requirements, and mineral fuel has to be 
transported from great distances. 

The sun's rays produce, however, other 
effects besides vegetation, and amongst 
these, that of evaporation ia the most im- 
portant as a source of available power. By 
the solar rays, an amount of heat is im- 
parted to our earth that would evaporate 
yearly a layer of water 14 ft, deep. A con- 
siderable proportion of this heat is actually 
expended in evaporating sea water, pro- 
ducing steam or vapor, which falls back 
upon the entire surface of both land and 
sea in the form of rain. The portion which 
falls upon the elevated land flowa back 
towards the sea in the form of rivers, and 
in ita descent its weight may be utilized to 
give motion to machinery. Water power, 
therefore, is also the result of solar energy, 
and an elevated lake may indeed be looked 
upon as fuel, in the sense of its being a 
■weight lifted above the sea level through 
ite prior expansion into steam. 
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This source of power has also beat 
)ar|{e]y resurlod to, and Diigltt be 
to a still greater oiitent in mountainoiu 
oountrioH ; but it naturallj so happens thai 
tbo great cenires of induBtry are in tlia 
plains, where the nieaiia of transport 
way, and the total amoant of 
wat«r-power in such dietricta is extrei 
limited. 

Another result of solar energy are ib». 
winds, which have been utilized for tli0> 
pToduotioa of power. This source of powei 
is, indeed, very great in the aggregate, but 
its application is attended with very great 
iiiconvenienue. It is proverbiiil that there 
is nothing more uncertain than the wind, 
and when we were dependent upon wind- 
mills for the produbtiou of flour, it often 
happened tliat whole districts were without 
that necessary element to our daily ex- 
istence. 

Ships also, relying n\ioa the wind for 
their propulsion through the sea, are of- 
ten becalmed for weeks, and so gradually 
give place to steam-power on aceount of its 
greater certainty. It has been suggested 
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of late years to utilize the heat of the sun 
by the accumulation of its raya into a focas 
by means of gigantic lenses, and to estab- 
lish a team- boilers in such foct. This would 
bo a most direct utilization of solftr enei^y, 
but it is a plan which would hardly recom- 
mend itself in this country, where the sun 
is but rarely seen, and which even in a 
country like Spain would hardly be pro- 
ductive of useful praoticul results. 

There is one more natural source of 
energy available for our uses, which is 
rather cosmical than solar — viz,, the tidal 
wave. This might also be utilized to a 
Tery considerable extent in an island coun- 
try, facing the Atlantic seas, like this, but 
its utilization on a large scale is connected 
with, great practical difficulty and ex- 
penditure, on account of the enormous area 
of tidal basin that would have to be cou- 
Btructed. 

In passing in review these various 
sources of energy which are still available 
to us. after we have run through our ac- 
oumulated capital of potential energy in 

B shape of coal, it will have struck you 



that none of them would at all supply th» 
place of our willing and ever-ready Blaro — ; 
the steam-engine ; nor would tbey be appli- ■ 
cable to our purposes of louomotion, al- 
though meana might possilily be inveDted 
of storing and carrying potential energy inj 
other forms. But it is not force alone that^ 
we require, but heat for smelting our iroiLj 
and other nietale, and the ac(;oinp]ishaiea|, 
of other chemical processes. We also need 
a large supply for our doinestio purposs»< 
It ia true that with an abundant suppl; d^ 
meohanical force we could manufautiutt 
heat, and thus actually accomplish all oul 
purpoBea of amelting, coekiug, and heating, 
without the use of any combustible matter ]. 
but such couversion would be attended ^ 
with ao much difficulty and expeuditura— 
that one cannot conceive human proapecitgi 
under euch laborious and artiticial oon,^ 
ditiona. 

We oomo now to the qnosiion — 
now SHOUI.D roEi be nsEn? 

I propoae to illustrate thia by three 
amples which are typical of the three great 
branches of consumption : 
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^^V a. The production of steam power. 9 

^^v b. The domefitic hearth. « 

'^~' I?. The metallurgical furnace. I 

Steam Engine Consumption. — I have re- 
presented on a diagram two steam cylinders 
of the eame interntti dimenaions, the one 
being what is called a high-pressure steam , 

cylinder, provided with the ordinary slide 
valve for the admission of steam and its | 

subsequent discharge into the atmosphere, ' 

and the other so arranged as to use the steam 
expansively (being provided with the Corliss / 

variable expaaaion gear) and working in | 

oonnection with a condenser. I have also 
shown two diagrams of the steam pressures 
at each part of the stroke, assuming in both 
cases the same initial steam pressure of &) 
lbs. per square inch above the atmospheric 
pressure, and the same load upon the en- 
gine. They show that in the latter case the 
aame amount of work is accomplished by 
filling the cylinder, roughly speaking, up to 
ll part of the length as in the other by fill- 
ing it entirely. Here we have then an easy 
and feasible plan of saving | of the fuel 
used in working an ordinary high-pressure 
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engme, and yet probably the greater mtm^-^ 
ber of the engines now actually at work on 
of the wasteful type. Noc are the indica- 
tions of theory in this case (or in any oth«c 
when properly interpreted) disproved by 
practice ; on the contrary, an ordinary non- J 
expansive non-condensing engine requi 
commonly a conaumption of from 10 to 19 
lbs. per horse power per hour, whereas f 
good expansive and condensing engine ■ 
complishes the same amount of work with I 
lbs. of coal per hour, the reason for the atiT 
greater economy being, that the cyhnder a 
the good engine is properly protected 1 
ineansofasteaiu jacket and lagging againi 
loss by condensation within the working 
cylinder, and that more care is generally 
bestowed upon the boiler and the parts of 
the engine, to insure their proper working 
condition. 

A striking illustration of what can be ac- 
complished in a short space of time was 
brought lo light by the Institute of Mechan- 
ical Engineers, over which I have at pres- 
ent the hoDor to preside. In holding their J 
annual general meeting in liiverpool in, I 



1863, they instituted a careful inquiry into 
the consumption of coal by the best engines 
in the Atlantic Steam Service, and the re- 
anlt showed that it fell in no case below 4^ 
lbs. pet indicated horse power per hour. 
Last year they again assembled with the 
same object in view, in Liverpool, and Mr. 
Sramwell produced a table showing that 
the average consumption by 17 good exam- 
plea of compound expEinsive engines did not 
exceed 2^ lbs. per indicated horse power 
per hour. Mr. E. A. Cowper has proved a 
oonsumption as low as li^ lbs. per indicated 
horse power per hour in a compound ma- 
rine engine, constructed by him with an. 
intermediate superheating vessel. Nor are 
wo likely to stop long at this point of com- 
parative perfection, for in the early portion 
of my address I have endeavored to prove 
that theoretical perfeotiou would only be 
attained if an indicated horse power were 
prodnced with jlj lb. pure carbon, or say i 
lb. of ordinary atoam coal per hour. 

Here then we have two distinct margins 
to work upon, the one up to the limit of say 
plbs. of ooal per horse power per hour, 
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which has been practically reached in some 
and may be reached in most caaes, and the 
uther up to the theoretical limit of i lb. pet 
liorse power per hour ; which can never be 
absolutely ranched, but which inventiTe 
power may and will enable us to approach! 
Doiif.sCie Oonsuj/iptioii. — The wasteful- 
ness of the domestic hearth and kitchen fire 
is self-evident. Here only the heat radia- 
ted from the fire itself is utilized, and the 
combustion is generally extremely imper- 
fect, because ihu iron back, and exceaeite 
supply of cold air, check combustioa before 
it is half completed. We know that we can 
heat a room much more economically by 
means of a German stove, but to this it may 
he very properly objected that it is cheer- 
leaa because we do not see the tire or feel 
its drying effect upon our damp clothing ; 
moreover, it does not provide in a suHicient 
degree for ventilation, and makes the room 
feel stuffy. These are, in my opinion, very 
weighty objections, and economy would not 
be worth having if it could only be obtaine< 
at the expense of health and comlurL Bm 
there is at least one grate that combines 
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increased auiouut of comlbrt with reasona- 
ble economy, and which, although aceeasi- 
ble to all, ii4 as yet very little used. I refer 
to Captain Galton's " Ventilating Fireplace," 
which you observe a diagram upon the 
wall. Thifl fireplace does not differ in ex- 
I tonial appearance from an ordinary grate, 
I Bxoept that it has a higher brick back, 
which is perforated at about midheigbt to 
admit warmed air into the fire so m. to bum 
a lai^e proportion of the smoke which is 
usually Bent up the chimney unbunit, for 
no better purjioae than to poison the atmoa- 
phere which wo have to breathe. < 

The chief novelty and merit of Captaia 
Galton's fireplace consists, however, iu pro- 
viding a chamber at the back of the grate, 
into which air passes directly from without, 
becomes moderately heated (to 84 de^. Fah.), 
and, rising in a separate fine, is injected 
into the room under the ceiling with a force 
due to the heated ascending flue. A plenum 
of pressure is thus established within the 
i room whereby indraughts through doors 
■t and windows are avoided, and the air is 
ni, continually renewoil by passing aivay 
iL 



through the flroplaee clu'inney i 
Thus the chcwrfuhiese of nn open fire, th 
ci^mfort of a room filled with-freeht 
nioderutely warmed air, and great ei 
of fuel, am happily combined with unquM 
tionable eificleiicy and Biinplicity ; aud 7 
this grate is little used, although it hi 
been fully desoribed in papers comuim 
cated by Oaptain Galton, and in an elaborat 
report made by General Moriri, le Direetel 
du Cunaervatoire des Aria et Metiers ' 
Paris, whiclf has also appeared ia H 
English language. 

Xhe alowneas with which this uoqua 
tionable improvement finds praotiool a| 
plication is due, in my opinion, to two CO, 
cumstances, — tbeon^is, that Captain OalU 
did not patent his improvement, 
luakee it nobody's buaitiess to force it int 
use, and the other may be found in tb 
circumstamie that liouses are, to a 
1 extent, built only to be sold and not to btf 
lived in. A builder thinks it a good spe-J 
culation to construct a score of houses afterf 
a cheap design, in order to sell them, if^ 
, before completion, and the pur- 
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chaser immediately puts u]) the standard 
bill of "Desirable Besidances to Let." You 
naturally would think that iu taking auch 
a. house you had only to furnish it to your 
own mind, and be in the enjoyment of 
all reasonable creature comfort from the 
moment you enter the same. This fnnd 
hope is destined, however, to cruel dis- 
appointment ; the first evening you turn on 
the gas, you find that although the pipes 
are there, the gas prefers to pass out by 
the joints into the room instead of by the 
burners ; the water in like manner takes its 
road through the eeiliiig, bringing down 
with it a patch of plaster on to your carpet. 
But, worst of all, the products of combustion 
from the firegrates (made probably to 
dimensions irrespective of the size of the 
room), stoutly refuse to avail themselves of 
the chimney flues, preferring to disperse 
themselves In volumes of smoke into the 
room. I'lumbers and chimney doctors aje 
now put into requisition, pulliug up floors, 
dirtying carpets, and putting up gaunt- 
looking chimuey-pots ; the grates them- 
Belvea have to be altered again and again, 
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until by slow (logrees the bouse become* 
habitable in a d«3gree, although jou nov 
only become fully aware of the innumerable 
drawbacks of the arrangenieata adopted. 
Nevertheless, tlio house has been an «t- 
cellent one "to soil," and the builder 
adopts the same pattern for another block 
or two in an increasing neigb borboodr 
Why should this builder adopt Captaia. 
Ualton's fireplace? It will not cost hiiBi 
much, it is true, and it will save the b 
a great deal in his annual coal bill, not t# 
speak of the comfort it would give him 
Ilia family ; but nobody demanda it of i 
it would give him some trouble to a 
his details and subcontracts, which are all 
settled beforehand, and so he goes on 
building and selling houses in the asak] 
routine way. Nor will this state of thiogi 
be altered until the dwellers in houses viH 
take the matter in hand, and absolutely 
refuse to put up with builders' ways, or, 
what is still better, get builders who will 
put up houses in their way. This is doue 
to some extent by building sooietiea, but 
there is as yet too much of the old leaven 
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left ia the trade, antl tlie qiieatioa itself 
too little understood. 

Consumption in Sindting Operations. — 
We now come to the third branch of con- 
Buiaption, the smelting or metallui^ical 
furnace, which consumea about 40,000,000 
of the 120,000,000 tons of the coal produced. 
Here also is groat room for improvement; 
the actual quantity of fuel consumed in 
heating a ton of iron up to the welding 
point, or in melting a ton of steel, is more 
in excess of the theoretical quantity required 
for these purposes than ia the case with 
regard to the production of steam power 
and to domestic consumption. Taking the 
epeeifio heat of iron at . 1 14 and the weldin;"; 
heat at 2,900 deg. Fahrenheit, it would 
require. 114X-i900=3i{l heat units to heat 
1 lb. of iron. A poimd of pure carbon 
develops 14,500 heat units, a pound of 
common coal say 12,000, and therefore one 
ton of eoal should bring 30 tons of iron up 
to the welding; point. In an ordinary re- 
heating furnace a ton of coal heats only 1§ 
ton of iron, and therefore produces only -^^ 
part of the maximum theoretical effect. In 
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mfiltuig one ton of steel in pnta ii torn of 
cuke are oonsumed, and taking the mnlling 
giDint of Bteel at 3,600 deg, Fahrenheit, the 
specific hent at .110, it takes .119X'^.600= 
4'2B heat units to melt a pound of steel, and 
taking the hoat-iiroduoing power of com- 
Mion coke also at 12,000 unit*, one ton of 
-coke ought to be able to melt ^H tons of 
steel. Tiie Sheffield pot steel melting; fur- 
nace therefore onlj utilizes -r'ath part of the 
theoretical heat developed in the combus' 
tion. Jlere therefore is a very wide margin 
for improvement, to which I have speciallj 
devoted my attention for many yeara, 
and not without the attainment of useful _ 
results. Since the year 1846, or ' 
shortly after the first announcement of thi 
dynamical theory, I have devoted my atten- 
tion to a realization of some of the econom 
io results which that theory rendered feaei^l 
ble, fixing upon the regenerator as the ap^l 
pliance which, without being capable i 
reproducing heat when once really con-*| 
eumed, is extremely useful for temporarily 1 
etoring Buch beat as cannot be immediately 1 
utilized, in order to impart it to the fluid or 
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otlier substance wliicb is employed in con- 
tinuation of the operation of heating;, or of 
generating force. 

Without troubling you with an account of 
the gradual progress of these improvements, 
in which my brother Frederick has taken 
an important part, I will deecribe to you 
shortly the furnace which I now employ for 
melting eteel. It consists of a bed made of 
very refractory material, such as pure silica, 
sand and silica or Dinas brick under whicli 
4 regenerators (or chambers filled with 
checkerwork of brick) are arranged in such 
a manner, that a current of combustible gas 
passes upward through one of these regen- 
erators, while a current of air passes up- 
wards through the adjoing regenerator, in 
order to meet in combustion at the en- 
trance into the furnace chamber. T!ie prod- 
ucts of combustion, instead of passing di- 
rectly to the chimuey as in an oi-dinary fur- 
nace, are directed downwards through the 
two other regenerators on their way towards 
the chimney, where the; part with their 
heat to the checkerwork in such manner 
that the highest degree of heat is imparted 



to the upper layers, and that the gaseoii 
products reach the chimney comparatiralif 
cool (ubout 300 deg. Fnh.]. After going « 
in tbia v/»y for half an hour, the curtentt 
are reversed by means of suitable reversing 
valves, and the cold air and combustibll 
gaa now enter the furnace chamber, i 
having taken up heat frani the regenen 
tors in tlie reverse order in which it n 
deposited, reaching the fumaoe thersfoM 
nearly at the temperature at which 1 
gases of combustion left the se 
accumulation of temperatur 
generators is the result, i 
heated while the other pair it 
it is easy to conceive that, i 
may be produced within the furnace oham 
tier up to an apparently unlimited degna 
and with a minimum amount of c 
draught. 

Practically the limit is reached at i 
point where the materials composing th 
i'umaoe chamber begin to melt. "Whereas 
a theoretical limit also exists i 
that combustion ceases at a point which hat 
been laid down by 8t. Clair Deville at 4,509 
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deg. I'ah., and which has been called hj 
Itim the point of "dissociation." At this 
point hydrogen might be mixed with osy- 
gen and jet the two would not combine, 
showing that combustion. really only takes 
place btween the limits of temperature of 
about 600 and 4,500 deg. Fah. 

To return to the regenerative gas furnace. 
It ia evident that there must be economy 
where, within ordinary limits, any degree 
of heat can be obtained, while the products 
of conibustion paae in the chimney only 800 
deg. hot. Practically a ton of steel ia melt- 
ed in this furnace with 12 cwt. of small coal 
ooneumed in the gas producer, which latter 
may be placed at any reasonable distance 
Irom the furnace, and consists of a brick 
chamber containing several tons of fuel in 
a state of slow disintegration. In large 
works, a considerable number of those gas- 
producers are connected by tubes or £uea 
with a number of furnaces. Collateral 
advantages in this system of heating are, 
that no smoke ia produced, and that the 
works are not encumbered with solid fuel 
and ashoa. 



It is a favorite project of minp, wbioh V 
haveoot had an oji^Kirtiiiiity yetof canjin^ 
practically into effect, to place tlies« gM 
producers at the bottom of coal-pita. A gH 
ibaft would have to be provided to condMl; 
the gas to the surface, the lifting of oo^ 
would be saved, and the gas in its aaoeOt 
would accumulate such an amount of fin* 
ward pressure that it might be conduotelr 
for a distance of several miles to the wotfa' 
or places of consumption. This plan, bo te 
from being dangeroua, would insure a 
perfect ventilation of the mine, and w 
enable us to utilize those waste deposits 
«mall Doal (amounting on the average 
'Mi per cent.) which are now left unatil 
within the pit. 

Another plan of the future which 
occupied my attention is the supply 
lowna with heating gas for domestic ai 
manufacturing purposes. In the year 1: 
& company was formed, vith the com 
rence of the Corporation of Birmingham,' 
provide such a supply in that town at 
rate of 6d. per 1,000 cubic ft.; but the 
necessary for that purpose was thrown oi 
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m Committee of the House of Lords be- 
cause their Loiilahipa thought that if thia 
vas as good a plau as It was represented 
to be, the existing gas companieB would 
be Bure to carry it into etTwct. I need 
har4]j saj thut the exi^ititi^ companies 
have not carried it into efibet, having been, 
constitutod for another ohjeot, and that the 
realization of the plan itself has been inde- 
finitely pnstpoaed. It has, bowever, lately 
been, taken up and partly carried into effect 
at Berlin. 

COil aiTESTION. 

Having now passed in review the princi- 
pal applications of fuel, with a view ehiefly 
to draw the distinction between our actual 
oonsumption and the cunaumption that 
■would result if our most improved practice 
were made genera! ; and having, moreover, 
endeavored to prove to you wiiat are the 
ultimate limits of consumption which are 
absolutely fixed by theory, but which we 
shall never be able to realize cumpletely, I 
will now apply my reasoning to the coal 
question of the day. 



In looking into thd " Hoport of the 8e 
lect Committee appointed to Inquiro int 
the Causes of the Froaent Dearnesa of Coal,'* 
we find that in 1872 no less than 123,OO0,' 
000 tons of coal was got up from the n 
of En^^land and Walos, notwithalandiiig 
iamine prices and the colliers' strikes. B 
1802 the total gettmg of coal amounted ti 
only 83,500,000, allowing a yearly 8 
inoreaae of production of 4,000,000 ton 
If this progressive increase continuee, c 
production will have reached, aO yw 
hence, the startling figure of 250,000,0' 
tons per annum; which would probal:^ 
result ill an increase of price very muoh S 
excess of tho limits yet reached. In esti 
mating last year's increase of prico, whlei 
has every appearance of being permaneB 
at 8s. per ton all round, and after deduotin 
the 13,000,000 tons which were t 
abroad, we find that the British ci 
had to pay jE44,000,000 more than ) 
ket value of former years for his supply fl 
ooal^a sufficient sum, one would think, 1 
make him look earnestly into the questifl 
of "waste of fuel," which, as I have bee 




■, is very great indeed. 
The Seleot CommitteQ just quoted sums up 
ita report by the following exproasion : — 
*' The general coiicluaion to be drawn from 
the whole evidence ia, that though the pro- 
duction of coal increased in 1872 in a small- 
er ratio than it had increased in the years 
immediately preceding, yet if an adequate 
supply of labor can be obtained, the in- 
crease of production will shortly keep pace 
with that of the last few years." 

This ia surely a very insufficient conclu- 
sion to be arrived at by a Select Parliamen- 
tary Committee after a long and espenaive 
inquiry, and the vrorat of it ia, that it stands 
in direct contradiction with the corrected 
table given in the same report, which shows 
that the progresaive increase of production 
has been fully maintained during the last 
two years, having amounted to r),8ii0,000 
for 1871, and 5,717,000 for 1872 ; wheieaa 
the average increase during the laat ten 
years baa only been 4,000,000 tons ! It ia 
to be hoped that Parliament will not rest 
satisfied with such a negative result, but 
will insist upon knowing whether a proper 
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our minds to 
and judioioai 
present lights 



balanoe between the demand and sapplja 
ooal cannot be rB-eatabliahed, also what oast 
be done to prevent the wtiolesale conversion 
of fuel into useleaa or poeitively hurt^ ra 
suits. 

In taking the 105,000,000 tons of oos 
oonauraed in this country laat year for oa 
basis, I estimate that, if we could make iq 
lur coal in a caref^ 
according to oifl 
>uld be abSe to rednoi 
that consumption by 50,000,000 tons, 
realization of such an economy would oen 
tainly involve a. very considerable expendii 
tore of capital and mnat be a work of time' 
bnt what I contend is, that our progresa ii 
effecting' econoiiiy ought to bo Bccelerated| 
in order to establish a balance between tl 
present production and the ever-increasing 
demand for the effects of heat. 

In looking through the statistical retnmtt 
of the progressive increase of population, i 
Bteam power employed, and of production 
of iron and steel, etc., I find that our neces- 
a rate of not less than 8 
per cent, per annum, whereas our coal con- 
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Buniption increaaos only at the rate of 4 
per cent., showing that the balance of 4 per 
cent ia met by what may be called our 
"intellectual progress." Now, considering 
the enormous margin for improvement be- 
fore us, I contend that we should not be sat- 
isfied with this rate of intellectual proo^ess, 
involving, as it does, an annual deficit of 
4,000,000 tons to be met by increased coal 
production, but that wg should bring our 
intellectual progress up to the rate of our 
industrial progress, by which means we 
should make the coal production nearly a 
constant quantity for several generations to 
come. By that time our suecBSSora may be 
expeoted to have effected another great step 
ia advance towards the theoretical limit of 
effect, which, as we have seen, lays so far 
above any actual result we have as yet at- 
tained, that an annual oonaumption of 10- 
000,000 tons would give more than tha 
equivalent of the heat energy which we 
actually require. 



BOLAR HEAT. 

I have endeavored to show, in tl 
early part ot this lecture, that all avtt 
able energy upon the earth, exoeptii 
the tidal wave, is derived from the sun, a] 
that the amount of heat radiated year 1 
year upon our earth, could be measured I 

e evaporatiun of a layer of water 14: 
deep spread over the entire surface, whil 
again would be repreeented by the oombn 
tion of a layer of coal 8 in. in thii 
covering our entire globe. It muat, hi 
ever, be taken into account that 
fourths of this heat is intercepted by 
atmosphere, and only one-fourth 
the earth itself. The amount of h« 
radiated away from the sua would bo W 
presented by the annual combustion of i 
thickness of coal 17 miles thick, cavt 
ita entire surface, and it baa been a boi 
of wonderment with natural pbilosopl 
how BO prodigious an amount of heat oc 
be given off year after year without ai^ 
appreciable diminution of the sun's 
having become observable. 



Recent researches with the Bpeotrosoope, 
chiefly by Mr. Norman Lockyer, have 
thrown much light upon this questi 
is now clearly Biade out that tlie bi 
eiats near the surface, if not throughout ita 
maBs, of gaseous elementary hodies, and ia 
a great measure of hydrogen gas, which 
oaonot eomhine with the oxygen present, 
owing to an excessive elevation of tempera- 
ture (due to the original great compression), 
which has been estimated at from 20,000 
deg. to 2'i,000 deg. Fah. Thia cheipically 
inert and comparatively dark mass of the 
Bun is surrounded by the photosphere, 
where its gaseous constituents rush into 
combustion, owing to retluction of tempera- 
tore in consequence of their expansion and 
of radiation of heat into space. This photo- 
sphere is surrounded in its turn by the 
chromosphere, consisting of the products of 
oombufition, which, after being cooled 
down through loss of heat by radiation, 
sink back, owing to their acquired denai^, 
towards the centre of the sun, where they 
become again intensely heated through 
compression, and are " dissociated " or split 
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up-agaio into their elements at the expea 
of iuteraal solar heat. &roat conTuUioi 
are thus continually produced upon i 
solar Burface, resulting frequently iu explor. 
aive actions of estraordinary magnitude 
vhen mftBaes of living fire are projected, 
thousand wiles or more upward, giving' a 
to the phenomena of sun spots and off 
corona which is visible during the ' 
eclipses of the sun. The sun may tiia| 
fore be looked up(^ in the light of a I 
gantic gas-furnace, in which the same n 
teiials of combuetion are used over and a: 

It would be impossible for me at t 
late hour to enter further upon speculatuJ 
regarding the "regeneration of the Bui 
heat upon its surface," which is a qaesla 
replete with scientific an 
interest. AVe should always remembc 
that nature is our safest teacher, and t 
in trying to comprehend the great workai 
our Creator we Hhall learn how to i 
to the beat advantage those stores of potfi 
tial energy in the shape of fuel which hK 
providentially been placed at our dispoaa] 



[THE VAIOE OF ARTITICIAL FDEIS 

AS 

COMPARED WITH COAL. 

\The question at isBua really ia, why 
mid artificial fuels be worth considering 

inly during the existence of a coal famine ? 

We are well aware that artificial fuela are 
in daily use, but I ask to what extent, as 
compared with the resources we have for 
producing it. There are thousands of tons 
annuaUy of really good fuel cast on ono 
aide, destroying; otherwise profitable land, 
that^ if only dealt with by known processes, 
would be almost as valuable as the coal 
itself in its units of work. Rises in the 
price of coal above the ordinary level are 
quickly followed by the appearance of this 
waste in the market, and not till then is It 
disposed of commercially, after laying for 
fears exposed to the weather during the 
low or ordinary price of coal ; it must be 
remembered, too, that this residue under 
otmsiddrationj thioogk fiu.<ib. B^^wivoe^ 




gradually loses in valuo for heating 
posoa, and is reduced in bulk through 
and dust being carried away by wind, 
tially deatroying usoful land in the tu 
borhood, while the slow process of oxid^ 
don reduces the percentage of heatiq 
power. Thus, if after years of deterioTfttiO 
at the pit's mouth, this stuff is found to 
of marketable value, it surely ought not to 
allowed to accumulate to the extent it do 

The question ia — that, if for the 
immediate advantage ia taken of thiaiefld 
Then brought to the pit's mouth, to 
extent will it relievo us ? Professor Qordmil 
at the Polytechnic Institution, London, ' 
been teUing us lately that there are ab0l 
24,000,000 tons of this smudge or vrai 
brought up to the surface annually, buti 
he has taken a percentage of a rather hij 
total annual get of coal, viz., 140,000,"' 
tons — whereas it is, I beUeve, al 
120,000,000 tons— we may safely 
that there is not less than 20,000,000 fri 
of waste brought up with the present anni 
production of 

There is no reason why at any time 
improperly 
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made good use of, let the price of coal coma 
down to what it may ; and we must hope 
that the inertia lately given to the fuel 
question will slart enterprise in the right 
direction aa far as this item is conoBrned. 
It may he argued that coal dust is uaed in 
the manufacture of patent fuels; but what- 
ever 13 used ia quantity there is an un- 
doubted accumulation of this so-called 
waste, and this waste, if not allowed to de- 
teriorate by long exposure to the atmos- 
phere, may be made aa commercially valu- 
able as the selected class of dust. 

For domestic purposes I don't think that 
patent fuels, in the ordinary sense of the 
term, are well adapted ; but if the 20,000,000 
tons just referred to waa rightly made use 
of, it would reduce the existing draw upon ■ 
ooal fbr steam purposes considerably. I 
have drawn attention specially to this ooal 
residue question to show that in forma con- 
fiiderable bulk when compaied with the 
Btaple fuel itself, and, aa its cost of get ot 
production equals that of (he coal, it is of 
DO minor importance that use should be 
made of it with the best results attainable, 
eBpecially when we find the dema-nd. fere 



fuel in all directione increasing in the H 
that it is doing. 

The queatioD now arises : Wbat is i 
best way of treating this residue or waa 
As it really forma the foundation in h 
patent fuels as a rule up to the pre 
time, it may and will be assumed that tl 
bare been various ways of dealing w; 
BO as to make it a fuel of commercial v 
Therefore, for the purpose of iUofitratil 
superficially what has been done to att 
this object, I have referred back to > 
has been patented directly for this pur^ 

We are supposed to find ia th 
reoords all that is of value, and, o: 
plenty that is not of value ; and I 1 
taken this course of obtaining what I 
information I can lay before you this e 
ing for the purpose of connecting the f 
history of the past with the present 
more clearly explain the connection, I h 
considered it worth while to diagram I 
mixtures in the relative proportioii 
forth in the respective specifications, 
only in such cases which I have consider 
interesting for comparison. In followi 
them up wd ceitaiiAj Ekh&Vl. fisd a & 



^^aordinary-loolting proportiona both in tli9 
nature and in the quantities of the seToral 
ingredients, but aa to the merits of such 
mixtures or compounds for the purpose re- 
quired, I will leave the meeting to judge 
for itself. In eearching back through the 
patent recoi'da, the first publiehed specifica- 
tion I can find in connection with fuel is 
dated April, 1773 — exactly one hundred 
years since. I believe patents for the same 
Bubject had been granted long prior to the 
above date, for I remember some time back 
noticing in " The Engineer," in one of & 
Beries of articlea on peat, that a patent was 
granted to one William Fallowfield, in 17;i7, 
*' for the use of charred peat in the smelting 
and manufacture of iron." In the patent 
of 1773, just referred to, the specification 
relates chiefly to the purification of coal for 
smelting purposes, and we may reasonably 
infer that at this time serious attention be- 
gan to be paid with respect to fuel, for 
down to 170:i — a period of nineteen years — 
we find the same John Barber figuring in 
the patent list, and with the same object. 

In the year 1799, which we may call in 
Tound numbers nearly three-quarters of a 
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oentiiry back, we find the first patent r 
of a comjiosition or artificial fuel, ia whiof 
the pateutti'e describes the machine)^ fi 
eeparatirtg or screeuing the coals, takio 
the small or dual of the aame as a base fi 
his fuel, which is to be mised with anyp 
tion or alt the ingredients named in the d 
agrams (1700), in which the various ing] 
dieuts are simply named, titero being n 
proportion specified. He proceeds to 88 
that thoy must be mixed together BOB 
ground in water in a wooden vessel, aflt 
which he moulds the composition into a 
or balls for use. I wish to draw partioull 
attention to this tliree-quarter of a 
old patent, for I tliink we see there I 
secret of nearly, if not all, of our | 
fuels up to the present day ; and it ia Btranjj 
to watch how persistently fresh patents B 
obtained, almost weekly, for artificial f 
the component ingredients of which i 
in one way or another, withiu the list befol 
us. The patentee OTidciilly went in ft* i 
everything and anytliing that at all stood s 
chaaoe, and it appears he got exhausted at 
last when he had to connect "broken glass" 
with "any other combustible ingredient" 
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Iq 1800, the year following, we again find a 
list of ingredients much reaembling the for- 
mer, but it may be noticed that peat ia here 
mentioned, a substance that muat have been 
quite unknown to the former patentee, oth- 
erwise be surely would not have omitted 
such an important ingredient in preference 
to broken glass. The patentee in tliis case, 
toOj does not give any definite proportions 
to bis mixture, but Bpecifiea that " the pro- 
poirtions of the ingredients vary so as to 
suit different purposes." The list is giveu 
under 1800 to show the resemblance be- 
tween the two. Twenty-one years later, 
eay fifty years ago, we get a mixture that 
has, I believe, been used for an artificial or 
patent fuel to a far greater extent than any 
other — small coal abd tar, in proportion of 
3 quarts of the latter to 1 bushel of the for- 
mer. This is the first patent during the 
twenty-one years on the immediate subject 
in question, but I think we may safely aa- 
Bume that during this period artificial fuel 
must have kept in use more or less, and it 
seems strange that after such a lapse the pat- 
entee of the previous mixture should burst 
J -oiitwitii suob a simple ]:iiod\&caV,u)i^oi\u&%x%'<' 
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BpeoiScation. FerbnjiH he had run the 6 
term with the patent of 1800, and no doubt ^ 
the meaat!me he had ample experiei 
from actual practice as to value, both i 
coflt and work, of various mistures and pro 
portions of the ingredients named i 
firat Bpecification, and at last oomea dowi 
to the simple ooal and tar mixture i 
into bricks, and fur which he e 
fresh patont The next mention ii 
tion with combined fuel is in I8'24, whq| 
ws get a mixture of one-third to one-fi 
of bituminous coal, and the remainder stone 
coal, or cului, and I think this was simply 
mixing the one with the otiier and using it 
in the ordinary way. In the year following, 
1825, we have gas-tar and clay, with saw- 
dust or tanner's bark, or the refuse of 
dyers' wood, or any species of wood suiE- 
oiently granulated or reduced, or turf, or 
Btraw, or bran. The patentee gives a pro- 
portion of one-fourth gas-ti 
o)ay, and two-fourths of any 
dienta, but a projmrtion that 1 _ 

yery bright is one-tliird tar, one-third clay, 
and one-thiid sawdust. Iho patentee also 
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adds that gas-tar boiled loses mucli of its 
smell without materially injuring its quality. 
He formed liia composition into squares or 
lumps, and exposed them to the weather for 
a few months. 

1826 brings us to a proportion of one- 
fourth dung, one-fourth sawdust, one-fourth 
tanner's bails, and ono-fourth mud, the 
above being mised with snfficient water to 
bind them well together. Afterwards it ia 
formed into squares, then dried by artificial 
heat and dipped in hot tar. I really don't 
tb'"Tc thia mado a bad fuel, but when we 
come to such ingredients as tanner's bark, 
sawdust, and dung, in the large proportions 
as specified here, we should full in quantity, 
whatever kind of a, fuel it migiit make. If 
we could only introduce a little more of the 
mud buaineaa in our preparation of artificial 
fuels I'm sure it would be hailed with de- 
light, especially by our corporations. 

We now pass over a period of seven 
yeara, during which time artificial fuel pro- 
ductions — as far as patents go — lie dormant, 
but in 1833 we have a specification claiming 
a mixture of sea coal with brick earth, blue 
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ola^i river sand, or depoeits of ranntng 
Btagnaut waters. The projiortion of ooal 
be equal to that of either of the oti 
material?, and to be mixed like mortarwi 
tar and made iutci cakes or -balls. Th« i 
gredieuts here cuntuined maj be taken £m 
the 1799 Hat, substituling the river M 
for broken glasa. 

Three years later, or in 1836, we geii 
extraordinary ciiiiibinntiou of ingrediea 
and, from the (inite projiortians of oertt 
of them, I sliould imagine that the sped 
cation is the result of a long and tedifl 
series of laboralory pxiieriiuents and tea 
The patentee begins with peat, of which 
takes one ton in its raw or charred Bta 
and to this he adds SO lbs. of crude nit 
li Ibe. of alum (for preventing emolce), 
lbs. of linseed, 14: lbs. of rosin, asphalt^ 
naphtha, 150 lbs. of coke, 1G8 lbs. of g« 
vegetable matter and 156 Iba. of auin 
excrements or other animal matter. I 
nee the mixture is formed into bricks. 
cannot say how the peat was dealt with 
as to amalgamate properly with these pf 
ticular substances, but there must ha 
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been some meana of masticftting or triturat- 
ing it, otherwise perfect mixing would be 
impoB bible, as also the formatioa into 
bricks, 

A year later— 1837 — -we reaeh the first 
mention of treating peat alone, as far as 
CODcerQB operations for the purpose of eon- 
Tflrtiog peat, moaa, turf, or bog into fuel. 
It is first cut up or triturated, and tbea 
eompresaed and dried by artificial or other 
means ; hydraulic presses, levers, and screws 
tioned amongst the appliances for 
[pressing. 

same year we get a well-knovD, 
le in oonnection with fuel. 0. Wja 
Williams mixes peat, after mastication, with 
Band finely powdered, limestone powdered 
or ground, coal slack, or quick or hot lime. 
I should in this case espect that the ex- 
pense of first preparing the peat for m,ix- 
tirre, and added to that the cost of grinding 
or powdei'ing the limestone or sand, would 
□ot tell favorably as regards a marketable 
price in comparison with coal, especially of 
late years. 

About this time the artificial fuel i^ues- 
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f tion Beems to bavo received a c 

amount uf attention, and in I83S I findfiva 
I patents eecurod for the eame. The fiiat o£ 
, that ;ear illustrates how we etiU keep to 
I the old ingredients, with perhaps a sli^t 
j variation in proportions. The patentee ia 

I adds to one ton of small i 

I 80 lbs. of tar, ISO lbs. of dry mud, ol«y,; 

' or marl, then mivea with 50 gallons t 

water, and adds 30 lbs. of lime ( 

Again, to 10 cwt. of coal dust he adds 5 ff 

of peat, 5 cwt. of sftwditst, 200 lbs. of e 

or mud, 30 Iba. of lime, and 80 lbs. of t 

I the whole being mixed in water and thsj 

I formed into briclis. Another of the i 

turea of the same year is : 7 parts of ftltt 

era' earth or strong blue clay, *i parte C 

tar, 8 parts of small coal, and 3 parta a 

mud, the mixture being theu formed intc 

bricks for use. I certainly should tiani 

this a doubtful fuel, considering there is 51] 

per cent, of clay and mud to 50 per cent. 

small coal with tar in it. Again, in tl 

same year we get 10 per cent, of tar, 18^ p 

cent, of cinders, i)eat, or sawdust, 18^ p 

;. of clay, sand, or challi, 50 per cent, ol 




I, and 2J per cent, of acids for an- 
other combination. We also in this year 
again find C. AVye Williams patenting a 
means of preparing peat, moss, or bog, by 
pressing it or mixing with it bituminous mat- 
ter, and we may close the year 1S38 with a 
mlstare consisting of 13 cwt. of coke, 4 cwb 
of clay or mud, and 1 cwt. of liquid pitch. 

In 1839, there ia again repeated the "ob- 
taining a fuel by miKing tar or bituminoua 
coal with iuferior coal dust;" this is fol- 
lowed up in the same year by Lord Wil- 
loughby d'Eresby, patenting the comprea- 
sion of peat in the Taw state, and without 
cutting it up. 

In 1840 we find a specification of a mii- 
tnre to be employed for buildings, mould- 
inga, caatinga, statuary, imitation of soft or 
hard rocks, etc., and also to be used as a 
fiiel. Whether any buildings were ever 
constmcted of this fuel or not I am not in a 
position to say, but I sbould imagine that 
the insurance compaaies would fight shy of 
them. While upon the subject, I may as 
■well mention as a proof that even now there 
are people who, with the patentee of thirtj 



years paat, bolieva that fur Bome roaaon o 
other it is nilvisable to construct our dwell< 
inga of fuel, for ia a Hiiecification rekting ^ 
buildiog materials, dated as recent as li 
Seiiteuibor, I find the following as an ab; 
etract: "The said invention relates to I 
novel treatment of bricks, unbumt clay, aof 
stone, chiilk, plaster of Paris, and other likl 
porous materials, whereby a new material l| 
obtaiued, which possesses many advautagei 
for building and other purposes. Toacoom- 
plish this object the inventor takes oommol 
bricks, blocks of saadatono, or the other a 
terial to be used, and saturates the aai 
with boiled coal tar, melted pitch, or otb 
similar substance." 

In the same year, 1840, we find 400 H 
of tar and 105 lbs. of clay to ona toad 
small coal, made into bricks, followed nj 
four months later, by 20 lbs. wt 
pitch to 1 cwt. of coal dust, moulded latl 
bricks. 

The year 1841 gives us three patents owi 
nected with artificial fuela, none of that 
g from previous mixtures, with flk 
ion that one of them contains gromu 
late. 



In 1 842 we find five epeoificafJons, tte only 
one worth mentioning, specifying chalk 
lime, soft atone, bricks, all broken into 
small pieces and Baturated with tar, and 
then used in the same manner as we use 
ordinary coal. 

In 1843 we again get five patents relating 
to artificial fuels, one specifying certain pro- 
portions of pitch, coal, and coke ground to- 
gether, and for every ton ao ground is add- 
ed 6 lbs. powdered resin, and 3 gallons of 
boiled linseed oil; another gives 10 per 
cent, of pitch or coal tar to 00 per cent, of 
email coal, and to prevent smoke, there ia 
added 2 to 5 per cent, of common salt dry, 
or alum dissolved. 

In 1(^-14 there are three patenfe connected 
with tho subject, one of them being "for 
machinery for getting the moisture out of 
peat." At this time there seems to have 
been a fresh impulse given to the fuel ques- 
tion, very probably in tho anticipation of 
locomotive reqnirements, for in the year 
1845 there are seven applicationa named in 
artificial fuels, chiefly of tho ordinary charac- 
ter, with the exception of one. The specifi- 
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oatioo givBB as thia mixture : Outla- 
st pai'ts, coal dust 4 parte, eawduet 2 
aud coal tar 4 part. \Vhatever may bai 
been the patentee's idea of the coat of BlU 
a fuel at the time, it is pretty conoliuti 
what our own opinion would be now, wht 
we look at the proportion to the whole i 
such an nxti'oordinai'y ingredient as gutb 
percha and its value. In the same yearn 
find the usual mixture of coal duet with ta 
and sometimes added a small portion, i 
chloride of lime, or chloride of soda, i 
chloride of putash, to take away smell dui 
ing combustion. We have at the eail 
time " cementing coal dust with Banaoms 
silioiouB paste;" perhaps the latter mightl 
used a^ suggested before, namely, foe boill 
log materials. 

In 1846, although we get sis methoflsj 
treating fuel, they are of a very ordimt] 
character and the only change is one mag 
tioning the saturation of peat with tar, d 



In the year following there ia a 
dearth as far as fuel patents are coaoenu 
for there is not one registered fur ihat yeai 



bnt in 184S we again get a start with four ; 
but I find that there is still but very little 
deviation from former mixtiireB. 

For the three years including 1S49-50-51, 
I find nineteen patents recorded in connec- 
tion with the artificial fuel queation, but as 
s rule, many of them are merely repeti- 
tiona of what has been enumerated before. 
One names nothing but tan and resin, 
which I should imagine might make a very 
good fire-lighter, although it is not included 
ia that category. The only other worth 
referring to within the time I have just 
named is a peculiar treatment of peat, 
patented in 1850. The following is an ab- 
stract of the specification: — "Without pre- 
viously drying the peat we treat it with 
-waste by a mill in a way similar to that in 
which chalk is treated in the manufacture 
of whiting. The resulting liquor is made 
to pass through a strainer of wire work 
fine enough to prevent the passage of the 
large fibres into the tanks or backs out in 
the earth, or built upon the surface of the 
ground if necessary, where it ia left to de- 
posit the finer parts of the peat. When 



I 

I 



EiBis efTooted the Hupernatantliquoc |i 
off from the deposit, and the magma take^' 
out froDi the tanks or baclcs and ilried sithQ 
by the air or sun, or on arches of bricka a 
other absorbent material heated by flU0 
underneath." 

In IBoil, out of Boven specifications reUt 
ing to artificial fuels, I find one for dia 
solving peat in a chemical bath and Qxm 
letting it dry ; and another specifying ons 
twelfth of caustic lime, and oue-twelftii a 
peat charcoal added to tsn-twelftbe of 01 
peat, mixod into a cement and moulded- 

For the year 1863 I have selected twiL 
out of a total of nine applications dimnf^ 
that year. The first I give on the grooj 
of its peculiarity, being composed of o 
third of floa mud to two-thirds of sea-wi 
and to 2,000 lbs. of this mixture is added' 
lbs. of nitratfi of lead, Wliether such in- 
gredients would or would not make a decent J 
fuel I am unable to say. The second speot-'-l 
fication for the same year shows how tbC^V 
same ingredients, that are now old to UA. 1 
are still being used and in what proportionsjT 
but the patentee in tbia lattjr oaae goea ^ 
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what I am telling you now. ThS 
nine patents for this year, but the oM 
referred to ia the only one worth notioQ 
and that on account of its peculiarity. 

During the year 1857 there is not ait]§ 
thing worth mentioning, and in 1868 we g 
rye^flour as an ingredient. We again havt 
ground peat mixed with tar. 

In the year 18G0 the number of pateaM 
fell to four, and the only one 1 shall noiu 
givea equal portiona of humi 
excrement, sawdust or chips, and em 
coal, and to this mixture add one-si 
part clay. 

The most novel from the 1861 patenta, i 
which there are five, relates to 
boxes of wood about the aize of a brii 
then filling them with ooal duat, and a 
wards closing them up ; in fact, it is e 
closing a brick of coal in a wooden case, a) 
then using it for fuel — a rather expenslTI 
method I should think of using timber ft 
an ingredient. 

In 1862 there are four patents for e 
£oial fuel, but not anything of "niiBnid ft 
teraet. 
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The year following we again liear of sea- 
weed troatmcnl for fuel purposes. In one 
epecification I find lime saturuted witli lar, 
which, after being used as a I'uel, will, when 
ground, make a good cemont, certainly a 
profitable IV ay of dealing with the residue, 
BBpecialty if there ia any real good in the 
fuel portion of the method. Those two, out 
of five patonta for 1863, are the only ones 
worth attention, with the exception tliat the 
last nan^ed process was duplicated by a 
Bubaequent patent a few months after- 
wards. 

In 1864 we reach up t« nine patents ia 
connection with the subject, and one ia 
peculiar in its ingredients. The patentee 
eeems rather doubtful as to tiie proper 
relative proportiona, for he names peroxide 
of manganese, 1 lb. to 10 lbs. ; sulphate of 
lime, 5 to 50 per cent. ; coal or coke, 100 
lbs. ; rosin and asphalt, 2 per cent. ; oils, 7 
to 12 per cent. ; rosin or pitch, 12 to 20 per 
cent. In the remaining patents we have 
00 parts of coal to 10 parts of cow dung 
twice over ; we get also equal portions of 
peat and charcoal pressed together. The 



only other woTth msntioniiig Bpecifiee OU' 
ting peat into blocks, putting them into a 
air-tiglit receiver, eshauating the air anA 
moisture, and then admitting petroleum o 
any hke subatanoe. 

I have placed one of the three 1861 
patents among those worth notice as 1 
novel composition ; we have been in wa 
of one lately, and I think this BUppliea tl 
gap. We get 20 lbs. of meal to 3J Iba. 
pitch or tar, and 2^ lbs. of alum. It mig 
make a v^ry good fuel, but I am in doahl 
as to both supply and coet of the ohi 
ingredients. One of the remaining patenfj 
treats only of the configuration of any fijel 

In the next year the number of paieni 
doubles, but there are not any of iutexei 
with the osception of one I may mentioK 
which gives to 1 ton of coal, 2 cwt. of e&ll 
dust, 40 gallons of tar, and 2 J cwt. of sail 

The year 1867 reaches ten patents on th 
subject, and all of them of what I ma; 
term the ordinary type. One is simply thi 
coal and tar brick with holes 
through aa in 1804 ; another combioa 
resin, glue, and salt with coal duat at I 



pDopoTtion of 60Iba. of the mixfuro to the 
ton of coal. 

In 1868 we again get ten patents on the 
same question, and I have selected two for 
the purjiose of noticing the difference be- 
tween the simple and the compound. In 
the first case wo have S per cent, of coal 
tar to one ton of coal moulded into bricks. 
I suppose it is due to the simplicity of the 
idea of glueing small coal together with 
tor that we find it so often mentioned, but 
I wonder if the patentees could be aware of 
the age of the mixture at the time of securing 
their patents, when no doubt it was as com- 
mon an artiole in fuel commerce as it ever 
has been. The second ease gives very care- 
ful proportions of delicate ingredients, for, 
it is stated, to 17^ cwt. of coal dust and 
2| cwt. of clay, must be added 5 lbs. of rice, 
5 lbs. of Indian meal, 5 lbs. of resin, and 
20 lbs. of asphalt. I believe the smaller 
portions are admitted to gain the object of 
combustion with less smoke than ordinary 
fuel. In the same year we have two patents 

pith the same ingredients and proportions 

I nearly corresponding as p 
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es 

I ton of duS'add 2 cwt. of pitch and 2 cntt 
of salt, and in tbe aaino year wg again find 
turf saturated witli oils or other like Bub- 
etaiicos. 

Daring 1860 out of flii patent* I may 
men lion twoof prooisely the same treatment, 
TIB., about 8 per cent, of roain to coal, and 
another where carbolic acid is introduced 
in the proportion of 5 gallons to 1 ton of 
coal, togfther with 56 Iba. of pitch and 8 
Iba. of salt. 

In 1870 seven patents are recorded; as 
the date is nearing the present, 1 haro 
taken three for the aake of comparison with 
former years. In the first we get the 10 
per cent, of pitch, to 90 per cent of c 
and HOmo sea weed, the proportion of w 
is not stated. The second is a compi 
of silicate of soda, salt, lime, and sulphiu 
acid, to 15 per cent, of which mixture o 
is added. The third patent is cerCainlj n 
novel, but sufHces to trace the likaess a 
we go on. We also hear in that year, tf 
o^Ecrement mixed with charcoal, t 
chalk with charcoal and pitch, and anothoj 
arrangement of taking small coal and grind4 




ing it to a powder, and then mixing it with 
pitch or tar. We must bear in mind thia 
ia the year 1870 ; what the patentee's idea 
conld have been respecting the cost of a fuel 
th.at required coal to be ground to powder, 
at a time when coal itself was at its lowest, 
eeema strange; but even at the panio prices 
BTich a fuel could not, I think, have com- 
peted with coal; moreover, I cannot under- 
stand whj the coal dust should be ground 
at all, let alone " to a powder." 

We lower to five patents in the following 
year (1S71), bnt I take two illustrations to 
show, in the one case the costly production, 
and in the other our old friend up again 
associated with a little food. As regards 
the first, to take 25 per cent, of creosote 
oil to 68 per cent, of coke, and add 5 per 
cent, of bituminous coal, and 2 per cent, of 
lime, cannot pay commercially, or compete 
with ordinary fuel. In the second we get 
our usual 1 ton of coal, to which ia added 
100 lbs. of pitch and 10 lbs. of farina, an 
ingredient we have met with before under 
another designation. I may remark before 
closing up this year of 1871, that we have 
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intioned in a specification a mixture <! 
bluud and lime with Biuall coal. 

Fur iaat year, 187^, I find nine patent 
recorded, and again of tlie etoreotyped com 
One patent 12 montlia ago 1 
nearly similar to tlie patent of 18^1. 
this we may judge what progress ba§ bea 
made in the last 52 years, as regards 
fioial fuels of this particular class, and r 
member, of a class that has been found tl 
moateoonomical in production; possibly, to 
the most efficient fur the purpose for whiol 
it is required. It is needless to give farthe 
trouble with abstracts of speoificalions j sul 
ficient, I think, has been ahoivn to illustrati 
a doubtful progress in the artificial fue 
questions, aud although we have had, sub 
fiequent to the last patent, and ooutlnue ti 
bave, applications for patents for artifioift 
fiielfi, especially of late, there is not an; 
thing new in them. Beally some of th 
latest specifications read almost as copies 
I may say, dozens that have appeared bdfoM^ 

In taking a retrospect of the variotU 
means of compounding an artificial i 
the question arises, what material have n 



in quantity that is available for heat-produc- 
ing purposes to anything like tho extent re- 
quired for relieving the draw upon the coal 
itself. I think we may assume that the 
coal residue is disposed of, or will be in the 
future, in a satisfactory manner, without 
those mixtures that appear on the diagrams 
more like "household receipts" than an 
article of consumption demanded in millions 
of tons annually. We have had in considera- 
tion sawdust, tanner's barli, asphalt, resin, 
and almost everything that will burn at all ; 
but whatever use the whole or any part of 
these constituents, by addition, may serve 
towards mating a good heat-producing fuel, 
it wJil be adnaittfid that, for general pur- 
poses, even taking domestic consumption 
alone, the quantity collectively at command 
is anything but equal to the demand ; and 
taking it for granted that certain admix- 
tures will, laboratorily, give certain results 
in percentage of heat or work, it must ba 
remembered that the requirement is a very 
great and a national one, and consequently 
Y substitute for coal that may be intro- 
i must be simple and not compound. 
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Oombinationa must naturally bo c 
Bive, if only from a mocLanioal point of 
view, whatever may be the value of the 
ingredients, even supposing we had quality j; 
but while there is a query respecting quan- 
tity, coupled with the coat of quality, X 
think we can only arrive at the one COih 
elusion, viz,, take the most quantitatiTS' 
Gubatitute, and at the aame time the moal 
eimple, and see of what value it ia, and how> 
it can be dealt with to perfect it auffioieatl/ 
to form a relief to coal. 

'Xhe next, aa compared with cKtal tS 
quantity (putting quality on one side al 
preaent), ia "Peat," the half-brother ' 
coal. For the sake of compariaon, I wHH 
take the relative areas of coal and peat aa 
generally estimated for Great Britain, viz., 
ooal about 7,750,000 acres, and peat abonit 
6,000,000 acres, and taking peat as average 
ing double tho thickness of coal over ti 
estimated area, we get 12,000,000 £ 
peat as compared with 7,760,000 acres of 
coal of the aame thicknesa aa peat ; this ii 
in bulk. Again, take peat in its condensed' 
form aa equalling one-£fth of ita averagft 
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original buDt, we then get 2,500,000 acres 
of peat equal in density to coal, or say, one- 
thiril. It must be borne in mind, however, 
that coal lins been worked to an extent 
quite different to peat, consequently we may 
infer that the present actual relative pro- 
portions between the two must be muoh 
more in favor of peat than these figures re- 
present. 

In passing, it will be as well to notice 
here why the question of manufacturing 
peat into a marketable fiiet is of, I con- 
eider, groat importance in move rospeets 
than one. In the first place it has the 
unequivocal advantage of being procurable 
upon the surface of the ground ; and what- 
ever may have been the diffleulties hereto- 
fore, or even at present, as regards drain- 
age, cutting, and general treatment of peat, 
it must be admitted that this one deaidera- 
tum is strongly to be encouraged. Morally 
Hpeaking, it is advisable to dwindle down 
as much as possible the esteut of the al- 
most inhuman labor below the surface com- 
pulsory for the production of coal — and 
labor that very taw of those uninitiated 



oould b^ &Dy stretch of imagination sntj 

pate, eveu exoluding the risks that are 
ooaetant attendance upon such labor — B 
also take into oonsideration the Altimi 
result of the pruceee upon the human { 
tellect, aa esempliBed only too viaibly 
late, a result which gave rise at the momai 
to the controversy of how to economize 
article of consumption that neceseitat 
Buoh uncivilized labor for its productioi 
Of course, we know that the whole of 1 
undesirable labor canaot be diapensed vt 
at once, but we must confess that it ia 
sirable to aim at such a pui'pose, and, 
the utilization of peat and the introdui 
of Doal'Gutting mucbinea below, wb 
soon anticipate a reduction in 
underground work. 

e calorifii: power of pea^ 
vith coal, I think we may 
e that it reaches, in efflciontly worl 
and well dried peat, an average of 76 ] 
cent. ; naturally the peioentage varies o 
aiderably with different qualitiea of p( 
aoroe results being much higher and of 
much lower, but I think the above to b4i 
fair average. 



We next come to the question, " Why 
bas peat been bo little known generally as 
a valuable fuel, although staring ua in the 
jaoe by thousands upon thousands of acres 
in various parte of the country ?" The an- 
swer ie, that peat in its natural or raw state 
contaiuB, according to the depth from sur- 
face and nature of deposit, a very great 
percentage of water, and it has beeu 
the disposing of this water that bas 
proved the real difficulty in the way of 
producing peat as a fuel to at all compete 
with coal. 

In referring back to tlie year 1800 we 
find peat mentioned in the list, but it is 
only stated as one of the ingredients of the 
mixture, and it does not speuify how it is 
proposed to treat it so as to mate it avail- 
able for mixing; but in 1S37 wo have men- 
tion of " Operations for the purpose of con- 
verting peat moss and peat turf or bog into 
fael." It is stated to be first cut up and 
then compressed and dried by artificial or 
otlm beats ; and there are several methods 
named respeoting the oompressiou, such as 
hydraulic presses, levers, and screws. 
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We all know that for many years past 

macliiaery bos been in operation for con 
verting peat into a comineroial at marl 
able fuol, ami tiiere are hundreds of t 
of it bein}^ uaed ; but atill the queetion it, 
why Diily in huuJreds of toua, when i 
uught tu be, I may say, hundreds of thos 
Bands of tons? The answer is, as I eaid b( 
fore, that the expensoa incurred in lijln 
to get rid of the water to au extant thl 
will bring tbe specific gravity of the peat 1 
something approaching that of coal, atA i 
great, that it has been impoHsiblo to pla 
it before the public in competition withoo 
in n commercial point of view, at the la 
prices coul has been standing at for yeu 
until lately ; and it iB only in such casea I 
the late crisis that latent energy is waken) 
up for the purpose of seeing what caul 
done. I maintain that, let the price oF od 
come down to its own standard, or e*l 
lower, we must not lose the patent ft 
question out of sight now tliat necessity hi 
compelled us to grappio with it We kno 
how easily ciroumstanoes are allowed i 
fall iato their normal state after an exab 



ment is over ; but this is a questioa of 
national impoitance, and now that it is 
proved that peat can be treated in a manner 
that will almost bring it down weight for 
weight in equal bulk with coal, and that it 
can he brought into the market at a much 
less wet than coal at itR cheapest, I trust 
that we ehall soon have it as common an 
"household word" as coal, especially for 
domeBtic use. At the Dartmoor prison peat 
has for a long time performed every func- 
tion required of coal ; it warms the wholo 
place and is also converted into gas for 
their own consumption, and all this is done 
with peat in a much niore imperfect state 
than it can now be produced. 

It may perhaps be interesting here to 
glance at the methods employed in treating 
peat, and the results obtained. 1 will again 
revert to its remarkable power of retaining 
Water ; when simply dried in the air, with- 
out any prejiaration, it will only part with 
about 70 per cent, of its moisture, no matter 
how long the espoaure. If moderately cut 
up, or macerated, and then preesed and 
air-diied, it will still keep back about 20 per 
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cent., and it niiut be borne in mind 1 
tlie more the moisture retained, the less tl 
ualorific power of the p^at; coasequentlji 
the drier the pent oaa be produced t 
greater the heating power. The 
desideratum, therefore, ia to get rid of thi 
whole of the moisture, and if not all, a 
much of it aa we posnibly can. Artificia 
means of drying after compreBBion hav 
often, been tried, but, even suppoaing tl 
such a procosa resulted in a production i 
perfect as could be wished, the vary fact o 
having to coneume fuel to obtain the result 
upseta all economical yiews of the case a 
thereby makoa it too expensive far oompeti 
tion with coal. 

To get peat to be universally adopted i 
is imperative that in the first place it mm 
be freed from tlio whole of the moisture, g 
next door to it, for in a perfect oondensai 
state it will give its greatest value in unit 
of heat and take up the least stowage, whi 
is very often a consideration ; in 
place, it must be produced at a muoh lal 
cost than ever uoal can come to, other 
)t will never be of commercial value. 
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To gain these points there is only one 
■way of getting at it, viz., thorough mastica- 
tion or trituration of the raw material. I 
emphasize the ■word " thorough " for the 
reason that if the fibrous rooty portions of 
the peat are not cut up minutely, so as to 
release the water anil air previously held 
fast by capillary attraction, yoii will never 
get rid of the moisture. Then after thorough 
mastication, simple exposure to the atmos- 
phere for drying, and not artificial means. 
From the controversy on this question soma 
time ago, it appears that this approach to 
perfection, if we niay so ciill it, has only 
lately been accomplished by Olaytun's ma- 
chinery, which in niy own judgment seems 
in design to be undoubtedly the best yet 
adapted for the special purpose, and cer- 
tainly from the results obtained I think we 
may now hope speedily to see the thou- 
sands of acres of bog, now so much waste 
land, being made use of to an universal 
benefit. 

The machinery in question acoompIisheB 
what has long been aimed at, not only in 
the meohaniciil treatment of the material, 



but I believe in cost of production as well 
bat as it is not the purport of this paper 
BubBcribe or advocate any particular m 
chinnrj or prooeas for manufacturing eitb 
pent ur other fuel, sufficient will have 
Baid on that point. 

The real object of this paper has been ' 
glance rapidly through the past history i 
artifieial fuels for the purpose of oomparil 
with the present enthusiastic attempts tbj 
are being weekly brought to public notil 
through the ])>itont lists as new, and to noi 
what advance has been made ; but if jnc 
e trouble to peruse some of the latei 
and very latest, spocifications — and Bome| 
them are nut very long — and then turn i 
the dia^acn list of 1799, you will find & 
ingredients anticipalLMl, alfhougfa pi| 
ns may vary, which has lieen the 
or less, ever since that date. I thlnl 
), you will agree with me that I 
far ae compound artificial fuels ore cm 
eerned there has been no real advance, & 
to compare at all with ooal it must be Bimpl 
and in quantity. 
The only advance of real good, seema I 
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be the Btride lately made in the manufac- 
ture of peat ; and If the quality and market- 
able price only turns out what ia promised, 
and I do not see any reason to doubt the 
good faith of it, I think wa may congratu- 
late ourselves and the community at large 
in having the question at last solved, of be- 
ing able to procure a fuel in quantity and 
of a quality combining oleauliness In its 
purchasable forai, together with a bright 
fire, less smoke, and still less residue dur- 
ing combustion. 

In coDclueion I will reiterate the hope that 
the time ia not far distant when we shall see 
vast tracts of what is at present so muoh 
-waste and useless country swarming with 
industry on the surface, which both physi- 
cally and morally will be something towards 
alleviating the wretched labor at present 
required below the sur&ce. 
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